Cerebral blood flow and cerebral oxygen consumption are not altered in patients with uncomplicated hypertension (1) . Scheinberg observed that in a mixed group of patients who had congestive heart failure, the cerebral blood flow was depressed (2) . This suggests altered cerebral hemodynamics either as a primary abnormality or as a result of disturbances in the cerebral circulatory dynamics secondary to the cardiac failure. Novack, Goluboff, Bortin, Soffe, and Shenkin (3) studying the same problem concluded that the cerebral blood flow is not depressed to any greater extent in patients with heart failure than it would be in a similar group of patients of the same age group who were not in heart failure. Since cerebral blood flow and cerebral oxygen consumption are relatively normal (1, 4) in patients with essential hypertension which is uncomplicated by the co-existence of heart failure, it seemed worth making observations on cerebral hemodynamics in a group of patients with hypertension who had developed heart failure. Since all but three of these patients were under the age of sixty years, if a significant reduction in cerebral blood flow were found, it could then be considered to be a result of the heart failure rather than secondary to cerebral arteriosclerosis. In addition, observations were made on the cerebral hemodynamic response when twelve patients were given maximum therapy for heart failure. If cerebral blood flow and oxygen consumption were depressed because of heart failure, one might well have expected these functions to improve following treatment.
METHODS AND MATERIALS
Observations on cerebral hemodynamics and cerebral oxygen metabolism were made on twenty patients with hypertension complicated by heart failure and six pa- tients with heart failure due to other causes. Similar observations were made from four days to one month later on fourteen of these patients after they had received maximum benefit from treatment for heart failure. Although all but one patient showed marked subjective and objective improvement of symptoms and signs following therapy, the circulation time and venous pressure had not returned to normal in all of them. Twelve of the fourteen patients who were studied before and after long-term therapy had hypertension. Treatment included digitalis, diuretic therapy, low-salt diet, and bed rest when indicated. Observations were also made before and one-half hour to two hours after rapid digitalization in five patients. Cerebral blood flow was measured by the nitrous oxide method (5). The jugular venous pressure was measured with a spinal fluid manometer using the level of the venopuncture site (jugular bulb) as the reference point. The mean arterial pressure (MABP) was measured by direct arterial manomnetry using the femoral artery. The methods and analytical procedures used have been described previously (4, 6) . The partial pressure of carbon dioxide (pCO2) was determined with the aid of a Van Slyke Nomogram (7). The cerebral oxygen consumption (CMRO,) was determined by multiplying cerebral blood flow by the arteriovenous oxygen difference. The cerebrovascular resistance (CVR) as presented in the current study is a simple ratio of effective mean blood pressure divided by cerebral blood flow per 100 grams of brain per minute.
At the time of the initial study all of the patients had peripheral edema and some dyspnea associated with varying degrees of heart failure. Because of technical difficulties in carrying out the procedure, patients with very severe dyspnea were excluded from the study. The severity of disease in the twenty patients with hypertension varied from mild essential hypertension to severe malignant hypertension. In one patient (No. 6) the hypertension was associated with chronic glomerular nephritis. All of the studies were done with the patients in the supine position, although in several patients it was necessary to flex the neck and thorax because of moderate orthopnea. When this became necessary in order to complete the initial observations, the post treatment observations were made with the patient in the same position. Studies were also completed on six patients with heart failure due to causes other than hypertension. In addition to the twenty-six patients herewith reported, studies were attempted on five other patients, but the CGNCronlc gomerular nephritis.
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Reelved NHC bore and during studies. The clinical status of the patients and the mean the group of patients with heart failure associated blood pressure are presented in Table I . The with hypertension (51 + 2.9 ml. per min.) than cerebral hemodynamics and the response to treat-in normal subjects (5) or patients with hypertenment are presented in Table II. sion (1, 4) who did not have heart failure. In four of the patients (Numbers 3, 10, 19, and 21) in whom the cerebral blood flow appeared to be depressed, dyspnea was marked. Under these circumstances one might anticipate a low pCO2 due to hyperventilation which in itself could cause a reduction in cerebral blood flow (8) rather than on the basis of a reduction in cardiac output (2) . However, a number of patients with marked dyspnea showed entirely normal cerebral blood flow and cerebral oxygen consumption. As in patients with hypertension (1) without heart failure, the cerebrovascular resistance was increased in these patients (3.3 + 0.2). Cardiac failure did not appear to alter these dynamics. Both patients (Numbers 2 and 4) with azotemia had normal cerebral blood flow and cerebral oxygen consumption.
Treatment for heart failure in twelve of the patients with hypertension resulted in a significant reduction in mean blood pressure (p < 0.01). However, cerebral blood flow did not change significantly. It increased in four patients, decreased in five, and in three it was approximately the same after treatment as it was before therapy. The averages for the group before and after treatment were nearly identical (Table II) . There was a slight increase in cerebral oxygen uptake for the group, but this response was neither great enough nor consistent enough to be statistically significant. The increase in arteriovenous oxygen difference was due primarily to increased oxygen content in the arterial blood, presumably a result of improved pulmonary oxygen exchange. There was an increase in both arterial (p < 0.30) and venous (p < 0.10) blood CO2 content associated with an increase in partial pressure (pCO2) (p < 0.10). These alterations were not statistically significant when analyzed by paired differences 2 but the changes were fairly consistent, and were probably a result of the relief of the hyperventilation associated with the pulmonary congestion. There was very little alteration in the arteriovenous blood CO2 content.
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Statistics completed by Dr. R. A. Seibert. the drug in the five patients studied. For example, one patient with a low cerebral blood flow of 34 ml. per minute and 37 ml. per minute during successive control periods taken 30 minutes apart showed a cerebral blood flow of 30 ml. per minute one-half hour after Strophanthin K administration and 38 ml. per minute one and one-half hours later. The mean value for cerebral blood flow in five patients was 44 ml. per minute before rapid digitalization and 45 ml. per minute after it. The cerebral blood flow in six patients with heart failure due to diseases other than hypertension (syphilis, chronic rheumatic heart disease, and etiology unknown in one instance) was reduced significantly, although the age range was approximately the same as in the twenty patients with heart failure associated with hypertension (Table  II) .
COMMENTS
The current observations appear to support the contention that cerebral blood flow is not depressed in patients with heart failure (3) when the heart failure is due to hypertension. It appears that heart failure per se did not depress cerebral blood flow or cerebral oxygen consumption, since the average cerebral blood flow in this group of patients with heart failure was about the same as in normal subjects (5, 9) as well as patients with hypertension (1, 4) . As Novack, Goluboff, Bortin, Soffe, and Shenkin (3) have pointed out, arteriosclerosis itself is frequently associated with a reduction in cerebral blood flow.
When these patients develop heart failure cerebral blood flow will accordingly be lower than in normal young subjects. The fact that adequate and prolonged treatment with improvement of the heart failure in our patients did not increase cerebral blood flow or cerebral oxygen consumption, is further evidence that the cerebral blood flow was probably not depressed due to heart failure in the first place. Likewise, rapid digitalization with Strophanthin K did not alter cerebral hemodynamics. The patients with low values for cerebral blood flow before treatnent were usually dyspneic and also exhibited low pCO, values, apparently a result of the hyperventilation (8).
Patients with prerenal azotemia did not show a decrease in cerebral blood flow despite the low pCO2 and CO2 content and acidosis exhibited by them. Similarly, the cerebral oxygen consumption was not altered.
Further observations are indicated on patients with cardiac failure due to causes other than hypertension before dogmatic and inclusive deductions can be made about congestive heart failure, irrespective of the etiology of the disease. The current observations on six patients (Numbers 21 to 26) suggest that cerebral blood flow is reduced in patients with rheumatic and syphilitic heart disease associated with heart failure. However, the reduction in cerebral blood flow in these cases may be due to the mechanics of the underlying cardiac disease (aortic insufficiency or mitral stenosis) resulting in a greater depression in cardiac output and may not be a result of the accompanying congestive heart failure.
In order to further elucidate this problem, cerebral blood flow determinations have been done before and after tourniquets were applied around the necks of three normal subjects and four patients with heart failure who had received adequate therapy. The tourniquet pressure was increased until the venous pressure in the jugular bulb was increased to 120 to 300 mm. Hg. Cerebral blood flow was not altered by this procedure (10) . This indicates that cerebral blood flow is not reduced by increases in venous pressure within the limits present in patients with congestive heart failure. However, it is possible that cerebral hemodynamics and cerebral oxygen consumption may be altered in patients with severe pulmonary congestion associated with dyspnea due to severe heart failure. Under these conditions, it is impossible to do accurate cerebral blood flow determinations using the nitrous oxide technique. SUMMARY 1. Observations have been made on cerebral hemodynamics and cerebral oxygen consumption in twenty patients with hypertension associated with heart failure. Cerebral blood flow and cerebral oxygen consumption were not altered in these patients.
2. Treatment for heart failure did not alter cerebral blood flow or cerebral oxygen consumption in patients with hypertension and associated cardiac failure.
3. Cerebral blood flow was depressed in six patients who had heart failure associated with aortic insufficiency or mitral stenosis.
